Novel cardiolipin therapeutic protects endothelial mitochondria during renal ischemia and mitigates microvascular rarefaction, inflammation, and fibrosis.
Microvascular rarefaction, or loss of microvascular density, is increasingly implicated in the progression from acute ischemic kidney injury to chronic kidney disease. Microvascular dropout results in chronic tissue hypoxia, interstitial inflammation, and fibrosis. There is currently no therapeutic intervention for microvascular rarefaction. We hypothesize that capillary dropout begins with ischemic damage to endothelial mitochondria due to cardiolipin peroxidation, resulting in loss of cristae and the failure to regenerate ATP upon reperfusion. SS-31 is a cell-permeable peptide that targets the inner mitochondrial membrane and binds selectively to cardiolipin. It was recently shown to inhibit cardiolipin peroxidation by cytochrome c peroxidase activity, and it has been shown to protect mitochondrial cristae in proximal tubular cells during ischemia, and accelerated ATP recovery upon reperfusion. We found mitochondrial swelling and loss of cristae membranes in endothelial and medullary tubular epithelial cells after 45-min ischemia in the rat. The loss of cristae membranes limited the ability of these cells to regenerate ATP upon reperfusion and led to loss of vascular integrity and to tubular cell swelling. SS-31 prevented mitochondria swelling and protected cristae membranes in both endothelial and epithelial cells. By minimizing endothelial and epithelial cell injury, SS-31 prevented "no-reflow" after ischemia and significantly reduced the loss of peritubular capillaries and cortical arterioles, interstitial inflammation, and fibrosis at 4 wk after ischemia. These results suggest that mitochondria protection represents an upstream target for pharmacological intervention in microvascular rarefaction and fibrosis.